The function of the IFN-stimulated gene family protein, IFN-induced protein with tetratricopeptide repeats 2 (IFIT2), is poorly understood. Here, we report that IFIT2 colocalizes with cytokeratin 18 in oral squamous cell carcinoma (OSCC) cells. Treatment of OSCC cells with IFN-B significantly increased the expression of IFIT2 and remarkably inhibited cell migration. To further explore the effect of IFIT2 on cell migration, IFIT2 expression was either silenced with a small interfering RNA or increased by ectopic expression. IFIT2 knockdown in OSCC cells led to a significantly higher level of migration in vitro (P < 0.05) compared with control cells; by contrast, IFIT2 overexpression led to a significantly lower level of migration in vitro (P < 0.05). Immunohistochemically, 71.4% of OSCC tissues had elevated IFIT2 protein levels compared with noncancerous matched tissues. Elevated IFIT2 protein expression was positively associated with tumor differentiation status and inversely associated with nodal stage in OSCC specimens (P < 0.05). Higher IFIT2 protein levels in tumor tissues were also associated with better patient survival (P < 0.01). Our present study shows an inverse correlation between IFIT2 expression and cell migration, suggesting that IFIT2 plays an important role in inhibiting this process and that its expression may be associated with better prognosis in patients with OSCC.
Introduction
Oral cancer is one of the major fatal diseases in the world, particularly in Europe, southern Africa, south-central Asia, Melanesia, and Australia (1) . Oral cancer mortality ranks fifth among cancers in Taiwanese males and seventh in the world population since 1991 (2) . More than 90% of cancers of the oral cavity are oral squamous cell carcinomas (OSCC). Patients with OSCC are generally treated by surgery, radiation therapy, or chemotherapy. However, the overall 5-year survival rate for OSCC patients has remained at 50% without significant improvement over the past 3 decades (3). Thus, a better understanding of the underlying molecular pathogenesis of oral cancer may yield more effective regimens for oral cancer treatment.
A causal association between betel quid chewing and oral cancer has been well documented (4) . Using cultures of human keratinocytes (HaCaT cells), we previously reported that longterm exposure to sublethal doses of areca nut extracts (ANE; 0, 5, and 20 Ag/mL for 35 passages) resulted in increased oxidative stress and genetic damage (5) . We further adopted a colorimetric cDNA microarray technique (6) to compare gene expression profiles between long-term ANE-exposed HaCaT cells and untreated cells (Supplementary Fig. S1 ). 7 Among the many differentially expressed genes, IFN-induced protein with tetratricopeptide repeats 2 (IFIT2) drew our attention. The expression levels of IFIT2, which were confirmed by semiquantitative reverse transcription-PCR (RT-PCR), were significantly decreased in ANE-exposed cells compared with untreated cells (Supplementary Fig. S1 ).
IFIT2 is an IFN-stimulated gene (ISG) also known as ISG54, GARG39, and MuP54 (7). IFNs are cytokines with pleiotropic properties, including antiviral, antitumor, and immunomodulatory activities (8) . Notably, >300 ISGs have been identified in cells treated with IFNs (9) . The products of ISGs mediate the diverse activities of IFNs, including regulation of transcription, proteasomal processing, apoptosis, antiviral and antiproliferative activities, and regulation of protein translation (9, 10) . To date, only a few ISGs have been extensively studied. For example, ISG15, a critical antiviral molecule structurally and functionally similar to ubiquitin, is an endogenous tumor suppressor and may therefore serve as a therapeutic cancer target along with the molecules it regulates (11) . ISG20, another antiviral protein with 3 ¶ to 5 ¶ exonuclease activity (12) , also has therapeutic potential. As for IFIT2, it is not only one of the ISGs most responsive to IFNs but is also responsive to viruses and a variety of agents in cultured human and rodent cell lines (13, 14) . Previous studies have shown that IFIT2 and IFIT1, the other known tetratricopeptide repeat-containing ISG, bind the translation initiation factor eIF3 and consequently inhibit initiation of protein synthesis (15) . IFIT2 has also been reported to be an IFN-induced cytoskeleton-associated protein and plays an antiviral role in recombinant human IFN-g treatment in human amnion-derived cells (16, 17) . A recent study showed that IFIT2 colocalizes with h-tubulin in vivo and is enriched in the mitotic spindle of normal NIH3T3 cells and B16F10 melanoma cells undergoing mitosis (18) . However, whether IFIT2 can regulate cell migration is unknown.
HaCaT cells are spontaneously immortalized but nontumorigenic human keratinocytes (19) . IFIT2 gene expression is down-regulated on long-term exposure of HaCaT cells to ANE, implying that IFIT2 may inhibit the progression of malignancy. In the present study, we produced an antibody against IFIT2 to investigate its intracellular localization and possible functions in OSCC cells, particularly any possible inhibitory roles of IFIT2 on cell migration. In addition, we examined IFIT2 expression in OSCC tissues using immunohistochemistry and found an inverse association between tumor IFIT2 protein expression and 5-year survival of OSCC patients.
Results

Association of IFIT2 with Cytokeratin 18
To explore the biological function of IFIT2, we first examined the expression of the 54-kDa IFIT2 protein in various human cell lines by Western blotting. As shown in Fig. 1A , IFIT2 was significantly expressed in three OSCC cell lines, SAS, OC3, and SCC25, and in human keratinocyte HaCaT cells, but not in the OSCC cell line OECM-1 or in cell lines derived from human lung cancers, gastric cancer, or breast cancer. We examined the intracellular distribution of IFIT2 in HaCaT and SCC25 cells as well as normal human oral keratinocytes (passage 4) using immunohistostaining. IFIT2 staining was mainly localized in the cytoplasm in a fibrillar pattern similar to the pattern of cytoskeletal proteins (Fig. 1B) . We further did optical serial sectioning with confocal microscopy of methanol-fixed SCC25 cells. We observed a cytoplasmic cytoskeletal staining pattern and a small amount of localized IFIT2 staining in the nucleus (Fig. 1C) .
Actin filaments, microtubules, and intermediate filaments are the three major filament types of the cytoskeleton. We therefore examined the potential colocalization of IFIT2 with various cytoskeleton proteins using confocal microscopy. As shown in Fig. 2A , IFIT2 partially colocalized with cytokeratins and vimentin, but not with h-actin or a-tubulin, in SCC25 cells. Furthermore, a Western blot using a pan-cytokeratin antibody following immunoprecipitation of a SCC25 whole-cell lysate with anti-IFIT2 confirmed that low molecular weight cytokeratins coprecipitated with IFIT2 (Fig. 2B) , indicating a physical interaction between IFIT2 and cytokeratins. Based on its molecular size, the lower cytokeratin band was suspected to be cytokeratin 18 (CK18). We confirmed a physical interaction between IFIT2 and CK18 by using a monoclonal antibody that recognizes both CK8 and CK18 to probe the proteins that were immunoprecipitated by the antibody against IFIT2 (Fig. 2C) . When the immunoprecipitation/Western blot experiment was done in the reverse fashion, we also observed coprecipitation of IFIT2 with CK8 and CK18 by the anti-CK8 and CK18 monoclonal antibody (Fig. 2D) . Based on molecular sizes, these results show that IFIT2 interacts with cytokeratins, and likely with CK18.
Migration Inhibition by Elevated Expression of IFIT2
Because cytoskeletal proteins play a crucial role in regulating cellular migration, we asked whether migration of OSCC cells was reduced by increased expression of IFIT2. Because OC3 cells express relatively low levels of IFIT2 compared with SCC25 cells, we first treated OC3 cells with various concentrations of IFN-h for 24 or 48 h. IFN-h treatment at the dose range of 100 to 500 units/mL for 24 h induced an obvious increase in the amount of IFIT2 mRNA and protein in OC3 cells without causing marked toxicity ( Fig. 3A and B) . However, IFN-h markedly inhibited OC3 cell growth if the treatment time was lengthened to 48 h. These results indicate that IFIT2 expression could be enhanced by treatment with IFN-h at the dose range used without significant growth Optical serial sections of IFIT2 immunostaining (red) and 4 ¶,6-diamidino-2-phenylindole counterstaining (blue ) of an SCC25 cell were collected by confocal microscopy. The depth of the images from the top of the cell was 1.5, 3.0, 4.5, and 6.0 Am, from left to right. Scale bar, 10 Am. inhibition (Fig. 3B) . To examine the effect of IFN-h on OC3 cell migration, we treated OC3 cells with or without IFN-h at a dose of 500 units/mL for 24 h and then seeded equal numbers of cells onto modified Boyden chambers. Treatment of OC3 cells with IFN-h significantly decreased the migration of OC3 cells by 2.0-fold (P < 0.01) compared with untreated cells (Fig. 3C) . As expected, the total number of untreated cells and cells treated with IFN-h was not different at the end of the 15-h incubation in the Boyden chambers (data not shown). Similar results were obtained in OECM-1 cells ( Supplementary  Fig. S2 ). SCC25 cells, which contain a high abundant amount of IFIT2, were not responsible to treatment with IFN-h at either IFIT2 expression or reduction of cell migration ( Supplementary  Fig. S2 ). To confirm whether IFIT2 is involved in IFN-hinduced migration inhibition, we did similar experiments in OC3 cells transfected with control or IFIT2 small interfering RNA (siRNA). As shown in Fig. 3D , transfection of IFIT2 siRNA abolished the effects of IFN-h on IFIT2 induction as well as migration inhibition. However, transfection of control siRNA into OC3 cells did not interfere with the activities of IFN-h on IFIT2 induction and migration inhibition (P < 0.05; Fig. 3D ).
To further corroborate the involvement of IFIT2 in modulating cell migration, we did migration experiments using OSCC cells in which IFIT2 expression was either decreased by small RNA interference technique or increased by ectopic expression. As shown in Fig. 4A , IFIT2 mRNA was markedly reduced in SCC25 cells transfected with IFIT2 siRNA for 24, 48, and 72 h compared with control siRNA cells transfected with a siRNA that targeted the luciferase gene. IFIT2 protein levels in SCC25 cells transfected with IFIT2 siRNA were reduced to approximately 40% and 50% at 72 and 96 h after transfection, respectively, compared with those of SCC25 cells transfected with control siRNA (Fig. 4B ), indicating that the IFIT2 protein has a longer turnover time than its mRNA. As shown in Fig. 4C , IFIT2 siRNA transfection significantly increased migration by 2.0-fold compared with SCC25 cells transfected with control siRNA (P < 0.05). In contrast, ectopic expression of FLAGtagged IFIT2 in HEK293T cells by transfection with pFLAG-CMV22-IFIT2 resulted in increased expression of IFIT2 and a f32% decrease in migration (P < 0.05; Fig. 5A ). Similarly, OECM-1 cells transfected with pcDNA-HA2-IFIT2 showed increased expression of IFIT2 but a f36% decrease in migration by the Transwell migration assay compared with OECM-1 cells transfected with the control pcDNA-HA2 plasmid (P < 0.05; Fig. 5B ). Furthermore, OECM-1 cells overexpressing HA-tagged IFIT2 exhibited significantly less migration potential by a wound-healing assay than control cells (P < 0.05; Supplementary Fig. S3 ). These results show that IFIT2 modulates migration of OSCC cells.
Higher Expression of IFIT2 in OSCC Tissues Correlates with Better Patient Survival
We also compared IFIT2 mRNA levels in 20 OSCC tumor and noncancerous matched tissue (NCMT) pairs using semiquantitative RT-PCR. We found that 95% of the OSCC tissues expressed higher levels of IFIT2 mRNA than their NCMT counterparts ( Supplementary Fig. S4 ). To confirm the enhanced expression of IFIT2 in OSCC tissues, we did immunohistochemical staining with anti-IFIT2 on another 35 pairs of OSCC tissues and their NCMTs. As shown in the representative images in Fig. 6A (a), IFIT2 expression in the control NCMTs was faint and mainly observed in superficial cells. However, strong immunoreactivity against IFIT2 was observed in tumor cells in most OSCC tissues (Fig. 6A , b-d) but not in inflammatory cells. Among these 35 tissue pairs, most of the OSCC tissues (71.4%) exhibited stronger immunoreactivity to IFIT2 than did their corresponding NCMTs, a few (5.7%) of the OSCC tissue samples showed weaker IFIT2 immunoreactivity than their NCMTs, and the remaining 22.9% of OSCC and NCMT pairs had similar IFIT2 levels.
To investigate the association of clinicopathologic features with IFIT2 expression in OSCC tissues, we assessed IFIT2 levels immunohistochemically in tumors from 53 OSCC patients who had received curative surgery between 2000 and A. Cultured SCC25 cells grown on coverslips were costained with anti-IFIT2 and anti-h-actin, anti-a-tubulin, anti-vimentin, or anti-pan-cytokeratin (Pan-CK ) and counterstained with 4 ¶,6-diamidino-2-phenylindole (DAPI ).
Scale bars, 10 Am. B. Coimmunoprecipitation and Western blot analysis of IFIT2-interacting proteins. SCC25 whole-cell lysates (WCL ) were immunoprecipitated with anti-IFIT2 (IP-IFIT2 ) and immunoblotted with antibodies against h-actin, a-tubulin, vimentin, or pan-cytokeratin. C.
Coimmunoprecipitation and Western blot analysis of IFIT2 and CK8 and CK18. A similar experiment as described in B was done, except that the immunoprecipitates were immunoblotted with antibody against CK8. D.
SCC25 whole-cell lysates were immunoprecipitated with anti-CK8 and CK18 (IP-CK8/18 ) and immunoblotted with anti-IFIT2. All experiments were done thrice, and one representative experiment is shown.
2006 and were followed up for 2 to 75 months. IFIT2 expression levels in 53 OSCC tissues were classified into low (negative to moderately positive immunostaining) and high (strongly positive immunostaining) IFIT2 expression groups. Among these 53 patients, 73.6% (39 cases) had OSCC tissue with high IFIT2 expression and 26.4% (14 cases) had OSCC tissue with low IFIT2 expression. The associations between IFIT2 expression (as determined via immunohistochemistry) and several clinicopathologic features for these 53 patients are summarized in Table 1 . A higher percentage of patients with tumors expressing elevated levels of IFIT2 were classified with a lymph node stage of N0 than with N1-3 stage classification (N0 versus N1-3; P < 0.05). Likewise, a higher percentage of patients expressing elevated levels of IFIT2 were classified as having good differentiated tumors than having moderately or poorly differentiated tumors (moderate and poorly versus good; P < 0.05). However, there was no significant association between IFIT2 expression level and tumor stage or clinical stage. The influence of IFIT2 expression on survival time in 48 of 53 patients (5 patients have no survival time data) was determined using Kaplan-Meier plots. Patients with high IFIT2 expression had significantly better postsurgery survival (median, 66.5 months) than those with low IFIT2 expression (median, 18.9 months; P < 0.01; Fig. 6B ). Because most of the OSCC patients recruited in this study were diagnosed at stage IV, we did similar analysis with stage IV OSCC patients. The median postsurgery life span for stage IV patients with high IFIT2 expression remained to be 66.5 months, whereas that for low IFIT2 expression was 13.6 months (P < 0.01; Fig. 6C ). These results indicate that OSCC patients expressing high levels of IFIT2 have a better prognosis than those expressing low levels of IFIT2.
Discussion
In the present study, we modulated IFIT2 protein levels by siRNA and ectopic expression and showed that IFIT2 is a negative regulator of migratory activity of OSCC cells. Using immunohistochemical staining and immunoprecipitation, the intracellular IFIT2 protein mainly colocalized with Student's t test (two sided). D. Logarithmically growing OC3 cells were transfected with control or IFIT2 siRNA followed by IFN-h treatment at 500 units/mL for 24 h. At the end of treatment, the amount of IFIT2 induced by IFN-h was analyzed by Western blotting assay (h-actin was used as the loading control). All experiments were done thrice, and one representative experiment is shown. Cells were then seeded in the upper chamber of a Transwell cell culture system, and after 15 h, the number of IFN-h -treated cells that had migrated across the membrane was counted and normalized with respect to the migration of untreated cells. All experiments were done thrice and in triplicate. Bars, SD. *, P < 0.05, by Student's t test (two sided).
cytokeratins, forming a fibrillar structure in the cytosol. Our results show that in OSCC cells, IFIT2, which contains a tetratricopeptide repeat, a structural domain widely involved in protein-protein interactions (20) , likely interacts with CK18, which is usually paired with CK8 and normally expressed in all simple epithelia but not in stratified epithelia (21) . Recent evidence suggests that CK18 may serve as one of the biological markers for micrometastasis of gastric carcinoma (22, 23) . In addition, aberrant expression of CK8 and CK18 is frequently observed in squamous cell carcinoma derived from stratified epithelia (21, 24) and in adenocarcinomas and basal cell carcinomas (25) . Although the contribution of anomalous expression of CK8 and CK18 to a malignant cancer phenotype is not clear, our results of an interaction between IFIT2 and CK18 suggest that IFIT2 may mediate through CK18 resulting in an alteration in the phenotypic characteristics of squamous cell carcinoma, such as a reduced migratory activity.
A variety of CK18-binding proteins have been identified, including tumor necrosis factor receptor 2, tumor necrosis factor receptor 1 -associated death domain protein, death effector domain-containing protein, and Mrj, a member of the DnaJ/heat shock protein 40 family (26) . Mrj works together with Hsp/c70 as a CK18-specific cochaperone and plays a crucial role in the regulation of CK8/18 filament organization (27) . Therefore, whether IFIT2 acts as an adaptor protein between heat shock proteins and CK18 to modulate the activity of CK18 needs to be addressed. Although the detailed mechanism of IFIT2-cytokeratin interactions is unknown, tetratricopeptide repeat -containing proteins have been shown to associate with heat shock protein 70 and heat shock protein 90 and act as cochaperones to regulate protein structure, stability, and degradation (28) .
The major clinical oncologic problem for cancer patients is metastasis of tumor cells from the primary tumor to secondary sites. Metastasis is a sequential process by which tumor cells disseminate from the primary tumor, migrate through the basement membrane, survive transport through the circulatory system, invade a secondary site, and start to proliferate (29) . Importantly, the frequency of metastasis strongly correlates with the migration potential of primary tumor cells (30) . In the present study, we found that IFIT2 negatively controlled the migration of OSCC cells, and hence, higher IFIT2 expression was positively associated with low lymph node stage and 5-year survival rate. The cause of the overexpression of IFIT2 in OSCC tissues and whether IFIT2 is involved in development of OSCC are unclear at present. However, it is well established that IFIT2 is activated through an IFN-stimulated response element -dependent mechanism by type I IFN (31) and other agents, including poly(deoxyinosinic-deoxycytidylic acid), interleukin-1 (32), viral infection (13), retinoic acid (33) , and lipopolysaccharide (34) . Several studies have pointed out that human papillomavirus infection is associated with increased risk of oral cancer, independent of exposure to tobacco and alcohol (35, 36) . Therefore, up-regulations of ISGs, including IFIT2, at the tumor site could be caused by IFNs produced in response to ongoing viral replication in adjacent tissue, as reported for nasopharyngeal carcinoma patients with EBV infection (37) . Whether the enhanced expression of IFIT2 in OSCC tissues is due to the inflammatory response to viral infection or chemicals warrants further investigations. Our current findings showed that patients with OSCC have a better prognosis if IFIT2 is overexpressed in OSCC tissues. Therefore, we suspect that IFIT2 may impart certain growth advantages for cancer development but not for malignant progression. In our preliminary studies shown in Supplementary Fig. S1 , IFIT2 was remarkably reduced by long-term exposure of HaCaT cells to ANE, implying that chronic exposure to ANE, a carcinogen for oral cancer, may suppress the expression of IFIT2, leading to increased migration activity and possibly malignancy.
IFNs have been evaluated as therapeutic agents against several malignancies, including melanoma and chronic myelogenous leukemia (38, 39) . In this study, we showed that IFIT2 expression was increased and cell migratory ability was inhibited at 500 units/mL of IFN-h in OC3 and OECM-1 cells that expressed relatively low levels of IFIT2. Whether IFN-h is a potential agent against OSCC invasiveness warrants further investigation.
In conclusion, increased expression of IFIT2 could inhibit the migration of OSCC cells, and the positive association of IFIT2 expression levels and increased life span of OSCC patients is probably associated with reduced migration of tumor cells. Meanwhile, increased IFIT2 expression is also significantly associated with low lymph node stage and good tumor differentiation in patients with OSCC. As expected, higher IFIT2 protein levels in tumor tissues are associated with better patient survival. These findings significantly expand our understanding of IFIT2 function by suggesting that IFIT2 plays an important role in the modulation of cell migration, which may be responsible for better prognosis in OSCC patients.
Materials and Methods
Antibodies
A polyclonal antibody against IFIT2 was prepared by IgMedica Biotechnology Co. using a synthetic peptide containing residues 403 to 426 of human IFIT2. This antibody specifically recognized a protein with a molecular weight of 54 kDa in cells ectopically expressing IFIT2. Monoclonal antipan-cytokeratin (for detection of CK4, CK5, CK6, CK10, CK13, and CK18) and anti-CK8 and CK18, which recognizes both CK8 and CK18, were obtained from Santa Cruz Biotechnology, anti-h-actin was purchased from Abcam, antia-tubulin was purchased from Calbiochem, anti-vimentin was obtained from BD PharMingen, anti-HA.11 was from Covance, anti-FLAG was from Sigma, and horseradish peroxidaseconjugated anti-mouse and anti-rabbit IgG secondary antibodies were obtained from Chemicon International.
Cell Culture, Treatment, and Cell Viability
Human embryonic kidney 293T cell line HEK293T (American Type Culture Collection) was grown at 37jC in DMEM (Invitrogen Life Technologies) supplemented with 10% fetal bovine serum and antibiotics. OECM-1 cells, a human oral epidermoid carcinoma cell line (obtained from Dr. C-L. Meng, National Defense Medical College, Taipei, Taiwan), were grown in RPMI 1640 containing 10% fetal bovine serum and antibiotics (Invitrogen Life Technologies). OC3 cells, a human oral carcinoma cell line, were established and cultured as described (40) . SCC25 cells (American Type Culture Collection) were cultured at 37jC in a 1:1 mix of DMEM and Ham F12 medium (Invitrogen Life Technologies) containing 10% fetal bovine serum, 400 ng/mL hydrocortisone, and antibiotics. To determine the antiproliferative effect of IFN-h on oral cancer cells, 1 Â 10 5 OC3 cells were plated onto six-well plates and incubated overnight. The cells were treated with various concentrations of IFN-h1a (PBL Biomedical Laboratories) for 24 or 48 h. Cell viability was determined by the trypan blue dye exclusion method.
Immunofluorescence Staining and Confocal Microscopy
Cells grown on glass coverslips were fixed with ice-cold methanol for 20 min at À20jC, washed with PBS [7.9 mmol/L Na 2 HPO 4 , 1.5 mmol/L KH 2 PO 4 , 2.7 mmol/L KCl, and 137 mmol/L NaCl (pH 7.4)], and incubated with antibodies against IFIT2 (1:100 dilution), h-actin (1:100 dilution), a-tubulin (1:50 dilution), vimentin (1:30 dilution), or pancytokeratins (1:100 dilution) in 1Â TBBS buffer [20 mmol/L Tris, 500 mmol/L NaCl (pH 7.5), 0.1% (v/v) Tween 20] containing 3% (w/v) bovine serum albumin for 1 h at 37jC. The coverslips were then washed thrice with PBS and further incubated with either rhodamine-coupled (for IFIT2 visualization) or Alexa Fluor 488 -coupled (for h-actin, a-tubulin, vimentin, and pan-cytokeratin) secondary antibodies (Molecular Probes, Invitrogen). After counterstaining with 4 ¶,6-diamidino-2-phenylindole (Sigma-Aldrich), the coverslips were subjected to confocal image analysis (Radiance 2100 System, Bio-Rad). Optical serial sectioning was done from top to bottom.
Western Blot Analysis
Equal amounts of cell extracts were electrophoretically separated on 10% SDS-PAGE gradients gels, transferred onto polyvinylidene difluoride membranes (Amersham Biosciences, GE Healthcare Bio-Sciences Corp.), and incubated at 4jC overnight with primary antibodies at an appropriate dilution. The membranes were then incubated with horseradish peroxidase -conjugated anti-rabbit or anti-mouse secondary antibody for 1 h at room temperature. Membrane-bound antibody was then visualized by chemiluminescence using SuperSignal West Pico chemiluminescence reagent (Pierce) on Kodak BioMax MR film (Eastman Kodak). The dilution of primary antibodies was as follows: anti-IFIT2, 1:5,000; anti-CK8 and CK18, 1:500; anti-HA, 1:1,000; anti-FLAG, 1:1,000; and anti-h-actin, 1:5,000. Western blot band intensity was analyzed with MetaMorph Offline software (Universal Imaging).
Immunoprecipitation
Logarithmically growing cells were washed twice with icecold PBS and resuspended in 1 mL radioimmunoprecipitation assay lysis buffer [50 mmol/L Tris-HCl (pH 8.0), 150 mmol/L NaCl, 1 mmol/L sodium orthovanadate, 1% (w/v) NP40, 0.5% (w/v) sodium deoxycholate, 0.1% (w/v) SDS] supplemented with 20 AL protease inhibitor cocktail (Roche Diagnostics GmbH). Total protein concentration was determined by Bradford assay using the Bio-Rad protein assay reagent with bovine serum albumin as the standard. An aliquot of cell extract was incubated with anti-IFIT2 immobilized on protein ASepharose CL-4B beads (Amersham Pharmacia Biotech) , and centrifuged at 12,000 Â g for 5 min. Supernatants were immediately subjected to Western blot analysis as described above.
Semiquantitative RT-PCR Total RNA was extracted from cultured cells using Trireagent (Sigma) followed by treatment with DNase I (Invitrogen Life Technologies) to remove contaminating DNA. An aliquot of 2.5 Ag total RNA was subjected to semiquantitative RT-PCR using Taq DNA Polymerase (TaKaRa) with amplification conditions as follows: incubation at 94jC for 5 min followed by 35 cycles of 94jC for 30 s, 54jC for 30 s, and 72jC for 30 s, with a final incubation at 72jC for 10 min. The PCR products were examined by electrophoresis on a 2% agarose gel and stained with ethidium bromide. The respective forward and reverse primers used for amplification were 5 ¶-ACAAGGCCATCCACCACTTTAT-3 ¶ and 5 ¶-CCCAGC-AATTCAGGTGTTAACA-3 ¶ for IFIT2 and 5 ¶-TGGTATCG-TGGAAGGACTCA-3 ¶ and 5 ¶-AGTGGGTGTCGCTGTT-GAAG-3 ¶ for the glyceraldehyde-3-phosphate dehydrogenase gene (GAPDH, loading control).
RNA Interference
siRNA duplexes were synthesized by Proligo Singapore Pte. Ltd. SCC25 cells were plated at a density of 2 Â 10 5 per 60-mm dish 1 d before transfection. siRNA was transfected into the cells using Lipofectamine 2000 reagent (Invitrogen) according to the instructions of the manufacturer. The siRNA sequence for targeting IFIT2 mRNA was 5 ¶-CCAAAGAACCCAGAAUU-CATT-3 ¶ (si-IFIT2). A double-stranded RNA (5 ¶-CGUACGCG-GAAUACUUCGATT-3 ¶) targeting the luciferase gene was used as a negative control. Migration activity and Western blot assays were done at either 72 or 96 h after transfection of siRNA into the cells.
Plasmids and Transfection
To construct tagged IFIT2 expression vectors, we subcloned the full-length IFIT2 cDNA into the NotI and BamHI sites of pFLAG-CMV22 (Sigma) and pcDNA-HA2 plasmid (kindly provided by Dr. J-Y. Chen, Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan). The respective forward and reverse primers for the pFLAG-CMV22 plasmid and pcDNA-HA2 plasmid were 5 ¶-TTGCGGCCGCAATGAGTGAGAA-CAATAAGA-3 ¶ and 5 ¶-CGCGGATCCGCAGTAGCCTAGT-GGGCACCA-3 ¶, and 5 ¶-CGCGGATCCGCGATGAGTGAG-AACAATAAG-3 ¶ and 5 ¶-AACGCCGGCGTTTCAGCAG-TAGCCTAGTGG-3 ¶ for the full-length IFIT2 gene. The pFLAG-CMV22-IFIT2 plasmid, the pcDNA-HA2-IFIT2 plasmid, or their empty vectors were separately transfected into HEK293T and OECM-1 cells, respectively, using FuGENE HD transfection reagent (Roche Diagnostics) according to the instructions of the manufacturer. For transfection experiments, pEGFPN-1 (BD Biosciences Clontech) plasmid was adopted to monitor the transfection efficiency. Under our experimental conditions, the transfection efficiencies were >70% by examining the GFP-positive cells under a fluorescence microscope. Migration activity and Western blot assays were done at 72 h after transfection.
Transwell Migration Assay
The Boyden chamber system was used to evaluate the effects of IFIT2 expression and IFN-h on migration. In brief, 2 Â 10 4 cells suspended in 100 AL medium without fetal bovine serum were seeded in the upper chamber of a Transwell plate containing a membrane with 8-Am pores (Corning Costar) precoated with 1% gelatin (Merck), and the lower chamber was filled with medium containing 10% fetal bovine serum. After 15 h of incubation, cells on the top side of the upper Transwell membrane were removed with Q-tips. The cells trapped on the bottom side of the membrane were fixed and stained with 4 ¶,6-diamidino-2-phenylindole (5 ng/mL) for 10 min. The number of cells from eight different areas of each membrane was counted under a fluorescence microscope and averaged. Three membranes were tested for IFN-h dose or each transfectant.
Tissue Samples and Immunohistochemical Staining
Tissue samples previously collected at the Mackay Memorial Hospital (Taipei, Taiwan) were used with the approval of the Mackay Memorial Hospital's Institutional Review Board. In this study, tissue arrays containing 53 primary OSCC tissues and 35 paired NCMTs were used for immunohistochemistry. In brief, 5-Am-thick tissue sections were dewaxed, rehydrated, and then incubated with polyclonal anti-IFIT2 (1:400 dilution) in a humidification chamber at 4jC overnight. After rinsing with PBS, standard immunohistochemical staining was done using an LSAB2 streptavidin-biotin complex system (Dako Corp.) with aminoethylcarbazole as the chromogen and subsequently counterstained with hematoxylin and mounted with Clearmount (Zymed Laboratories, Inc.). The immunoreactivity of IFIT2 was determined based on the average percentage of positively stained cells in 10 randomly selected high-power fields. The specimens were arbitrarily defined as negative if immunoreactivity was observed in <10% of the cells, as moderately positive if immunoreactivity was observed in between 10% and 50% of the cells, and as strongly positive if the immunoreactivity was present in z50% of the cells.
Statistical Methods
Fisher's exact test was used to examine the statistical significance of associations between IFIT2 expression levels and clinicopathologic features. The Kaplan-Meier method was used to estimate overall patient survival, and the log-rank test was used to compare overall survival among different patient groups. Student's t test was used to determine the statistical significance of the differences between experimental groups; P values of <0.05 were considered statistically significant, and all P values were two sided.
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